Resonant Transmission of a Light Pulse through a Quantum Well 
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Reflectance, transmittance and absorbance of a symmetric light pulse, the carrying frequency of 
which is close to the frequency of interband transitions in a quantum well, are calculated. Energy 
levels of the quantum well are assumed discrete, and two closely located excited levels are taken 
into account. The theory is applicable for the quantum wells of arbitrary widths when the size 
quantization is preserved. A distinction of refraction indices of barriers and quantum well is taken 
into account. In such a case, some additional reflection from the quantum well borders appears 
which changes essentially a shape of the reflected pulse in comparison to homogeneous medium. 
The reflection from the borders disappears at some deflnite ratios of the carrying frequency of the 
stimulating pulse and quantum well width. 

PACS numbers: 78.47. + p, 78.66.-w 
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I. BaefleHHe 

The optical characteristics (reflectance, transmittance 
and absorbance) of a quantum well were calculated^ ' ' ' 
for a symmetric light pulse. A narrow quantum well with 
one excited energy level and a homogeneous medium 
(when the refraction indices of barriers vi and of a 
quantum well v are equal) were considered' . It was 
assumed in'^ that v = vi m a. narrow quantum well 
(QW) with two closely located excited energy levels. A 
wide QW (the QW's width is comparable with a Hght 
wave length corresponding to the carrying frequency of 
the light pulse) sX v — vi is considered in' . A wide QW 
with one excited energy level aXv^vi is considered in' . 
It was shown that the heterogeneous medium influenced 
essentially the shapes of the reflected and transmitted 
pulses. The reflected pulses undergo the greatest changes. 

The present work is devoted to an investigation of 
the time and spatial dependencies of the reflectance 
and transmittance of a symmetrical light pulse going 
through a QW having a narrow doublet of the excited 
energy levels and under condition v ^ vi. This 
question is of interest, since the relaxation processes of 
the system influence a distortion of the reflected and 
transmitted pulses and the correlation of lifetimes of 
two excited energy levels. In a homogeneous medium, 
the reflected pulse depends only on the resonance with 
the discrete energy levels of the QW. \{ v ^ vi, an 
additional reflection from the QW borders appears. An 
interference of the additional contributions results in an 
unconventional dependance of the optical characteristics 
on the QW width. 

It is assumed that the contributions of the 
radiative and nonradiative relaxation mechanisms may 
be comparable at low temperatures, low impurity 
doping and perfect QW boundaries. It means that 
one have to take into account all the orders on the 
electron - electromagnetic fleld interaction' 
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The estimates' show that the preservation of the size 
quantized energy levels is possible &t kd > 1 (d is 
the QW width, k is the module of the wave vector of 
the electromagnetic wave corresponding to the carrying 
frequency of the light pulse). In such a case one has to 
take into account a spatial dispersion of waves composing 
the Hght pulse' ' ' . 

A system of a semiconductor QW of type I located in 
the interval < z < d and two semi-inflnite barriers 
is considered. The system is situated in a constant 
quantizing magnetic fleld directed perpendicularly to the 
QW plane xy and providing a discreteness of the energy 
levels. A stimulating light pulse propagates along the z 
axis from the side of negative values z. The barriers are 
transparent for the light pulse which is absorbed in the 
quantum well to initiate the direct interband transitions. 
The intrinsic semiconductor and zero temperature are 
assumed. 

The flnal results for two closely spaced energy levels 
of the electronic system in a quantum well are obtained. 
Effect of other levels on the optical characteristics may be 
neglected, if the carrying frequency of the light pulse 
is close to the frequencies wi and U02 of the doublet levels, 
and other energy levels are fairly distant. It is assumed 
that the doublet is situated near the minimum of the 
conduction band, the energy levels may be considered in 
the effective mass approximation, and the barriers are 
inflnitely high. In particular, the narrow doublet may be 
realized by a magnetopolaron state' . 



II. THE FOURIER-TRANSFORMS OF 
ELECTRIC FIELDS OF TRANSMITTED AND 
REFLECTED PULSES 



Let us consider a situation when a symmetric exciting 
light pulse of a circular polarization propagates through 
a single quantum well along the z axis from the side of 
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negative values of z. Its electric field is as follows 
Eo(z,t) = e^Eo(z,t) + CO., 

+ [l-e(p)]e^^P/2}. (1) 

Here is the real amplitude, p = t — viz/ c, eg — (gx ± 
iey)/V2 is the circular polarization vector, Gx h By are 
the real unite vectors, 9(p) is the Heaviside function, 
uji is the carrying frequency of the light pulse, 7^ is the 
pulse broadening, c is the light velocity in vacuum. The 
Fourier-transform of HI) is 

Eo(z,w) = [efEo(co) +e,*Eo(-cc>)]e■''l^ 



Eq -fe 



{lo - uj.Y + (7,/2)2 



fcr ^ ^. (2) 

c 



The electric field at z < is a sum of the electric 
fields of the stimulating and refiected pulses. Its Fourier- 
transform may be represented as 

E^(z, uj) = Eo(z, uj) + AE^(z, w), 

where AE^(z, lo) is the electric field of the refiected pulse 

AE^(z, uj) = e£AE^(z, oj) -f e^* AE^(z, -w). (3) 

The transmitted pulse propagates in the region z > d. 
Its Fourier-transform is 

E''(z, to) = e^E''(z, Lo) + e|E''(z, ^lo). (4) 

The functions AE^{z,lo) and E^{z,lo) may be 
considered as the scalar amplitudes of monochromatic 
waves appearing as a result of the exciting 
monochromatic wave propagation through the QW. 
The similar problem has been solved in the case 
when the interaction of the electronic system with the 
electromagnetic wave could not be considered as a weak 
perturbation, as well as aX kd ^ and v ^ v\ and there 
were two closely located excited energy levels' . 

It has been shown that 



AE\z,uj)=CRe-'^^\ z<0, 



E'\z,uj)=CTe'''^\ z>d, 



(5) 



(6) 



Cb. and Ct determine the amplitudes of refiected 
and transmitted waves, respectively. The following 
expressions for them are obtained 



Cr — Eq-^, 

Cr = iEoC ^^^ ^> , ' -e-^'^', (7) 



A = L-2(C-l)[(C+l)e"*'='' + (-l)"'^+""(C-l)]A^, (8) 



p = 2i{C^ -l)sm{kd) + 2[{C^ + l)e-''"^ 

+ (-1)™'^+"^'(C^ - l)]iV. (9) 

In ((T]) - |[9]) we used the designations 

^ — k/ki = i^/i^i, k = VLO / c, 

L = (C + 1)^6-*'^'^ - (C - 1)^6^'='', (10) 

mc{my) is the electron (hole) quantum number of the size 
quantization. It was assumed that one pair of numbers 
TOc, my corresponded to two direct interband transitions. 

The dependance on the variable u) is determined by the 
function N 



N = 



^^(-l) 



(£72) e 



ikd 



(11) 



The designations 



UJj = UJ- LOj + ijj/2, ^rj = S'lrj, j = 1, 2. (12) 

are introduced in ifTTj) . Here uij are the frequencies of 
interband transitions on the doublet energy levels , 7^ 
and 7rj ~ e'^/{hciy) are the radiative and nonradiative 
broadenings of the doublet levels' . 

The function TV contains the complex value e — e' + 
le"- ■ ■ 

e= / dz$(z)i / dye'''^'-y'>^y)+ [ dye'''^y-'-'><i>{y)\ 











(13) 

It determines the infiuence of the spatial dispersion on 
the radiative broadening e'jrj and shift e"7,j of the 
doublet levels. 

Realizing a derivation of lfT3|) we assumed the Lorentz 
force determined by the external magnetic field exceeded 
the Coulomb and exchange forces inside of the electron- 
hole pair, and the dependance of the wave function of 
the electron-hole pair may be represented by the factor 
<i>(z)^ . 



III. THE TIME DEPENDANCE OF THE 
ELECTRIC FIELD OF REFLECTED AND 
TRANSMITTED LIGHT PULSES 

The time dependance of the amplitudes E^{z,uj) and 
E''{z,Lo) is determined by well known formulas 

AE'^{z,t) EE AE'^{s) = — / dioe-''^'AE'^{z,uj), 
s = t + viz/c, (14) 

E^{z,t) ^ E^ip) = ^ J^^ du;e'^'^PE^{z,Lo), 

p = t — vxzjc. (15) 
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It is seen from ^ and ([8]) that the amplitudes 
AE^{z,uj) and E^{z,uj) have the identical denominators 
and, accordingly, identical poles on the complex plane oj. 
Having used jZ!)-® and |(TT]), we obtain the electric 
fields in the integral form: 



U{uj) exp{—iojp) 



(16) 



V{lS) exp(— jws) 



where 



U{uj) ^uJiOJ2-e" 



= aoJiU}2 + Ana/2. 

The designations 

a = 2i(C^ - l)sin(/cd). 



(17) 



(18) 



(19) 



(20) 



A^iae- 2i(-l)™<=+™"[C^ + 1 + (_i)™c+™.(^2 _ -^^j^/ 

(21) 

are introduced in ifTOl) . The denominators of integrands 
of (fTBl) and lfT7|) have four identical poles on the complex 
plane oj: uj = uji ± u — fli, uj = 0,2. The pole in 

the upper semi-plane uj — uji + defines the time 

dependance at p{s) < 0, three remainder poles are at 
p(s) > 0. The poles fli and fl2 have the view 

f^l(2) = ^j^^l +t^2 - {i/2) [71 +72 +/(7rl +7r2)] 



± 



{ui -UJ2~ ii/2) [71 - 72 + /(7r-l - 7r2)]} 

1/2 

-/ 7r-l7r2 



(22) 



The complex coefficient f — f2 + ifi enters in fli and 
fl2 as combinations /7ri and f Jr2, 



h 



/2 = 



(-l)'"'=+™"e'(l-C^)sinfcd 

1 + + (_l)m<:+m„(l _ (2)(,0S W 



2e^C 

1 + + (-1)™<=+™"(1 - C2)cosfcd' 



(23) 



(24) 



The mentioned above four poles determine the 
resonant contributions at the integration of (fT4| and (fT5| . 
There are a row of poles connected with nulls of the 
function L, situated on the lower semi-plane uj. However, 
these poles are located far away of the real axis, OflnaKO 



3TH nojirocbi pacnojiojKenbi ^ajiexo ot Bem,ecTBeHHOH och, 
and their contributions may be neglected in comparison 
with the resonant terms. 

The time dependance of the electric fields may be 
represented as 

E-{p) - (4Ci?o/i){[l-e(p)]Ji 

+ ( J2 + .h + Ja)Q{v)} exp{-ikid), 

AE'i-s) = {Eo/L){[l-e{s)]Ki + iK2 

+ Ks + KiMs)}, (25) 



where 



U{ujt±iji/2)exp[-i{u}e±i'yi/2)p] 
= — o ^ /ON . o /ON - (26) 



{uje - fii ± 17^/2) {uje - rJ2 ± i7j'/2) ' 



•hii) — T 



i^eU {^1(2) ) exp(-z»i(2) p) 
(Oi - 1^2) [(^^f-r!i(2))' + (7^/2) ■ 



(27) 



^ V"(t^f ± ii7^/2) exp[-i(a;^ ± i'yt/2) s] 
'^^^ [io, -n^± z7^/2) {uj, -n2± iiil2) ' ^ ^> 



^ Z7£ Vi^l{2) ) exp(-z»i(2) s) 

^ (r!i - f^2) [(c^£ " f^i(2)) 2 + (7£/2) 2] ■ ^''> 

After the substitutions cZ'i,(2;2 and fig, the functions 
C/(w) and V{uj) have the form 

C/(w) = (cj - t^i + i7i/2)(t^ - + ^72/2) - {e"/2) 
X [7^1 (CJ - CJ2 + «72/2) + 7r2(t^ - t^i + 471 /2)], (30) 



V{lj) =a{Lj-uJi+ i7i/2)(w - W2 + ^72/2) -|- (A/2) 
X [7ri(tj - 0)2 + 172/2) + 7r2(t^ - -I- i7i/2)]. (31) 

Obtaining l(22l) ^jih fli, ^2 we assumed that uJe was 
close to the resonant frequencies uji and W2- Therefore 
the parameters k and ki are A; = vujijc^ k\ = viloi/c. 
The analogical approximation was used in' . 



IV. EXTREME CASES 

It follows from ^ and ^ that AE'^{s) may be 
represented as a sum of two summands which are 
proportional to a and A, respectively. The coefficient a 
equals in two extreme cases: if ^ = 1 (the homogeneous 
medium approximation) , or fee? = (a narrow Q W) . The 
second summand equals 0, if 7^1 = 7r2 = 0. Hence, one 
may conclude that the first summand is stipulated by 
refiection from the QW boundaries, and the second by 
the resonance with the QW energy levels. 

It is seen from ([13]), (HSJ and(l24l that in the case kd = 
e" = /i = 0, e' = 1, /2 = C (if "^c + f^v is an even 
number) and /2 = 1/C ("^c + is an odd number). 
Thus, in such case 7^1 n 7^21 are renormalized by the 
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factor C (or C~^)) f-^d in the rest the formulas for the 
fields coincide with the formulas obtained in' . If = 
1, kd 7^ 0, (flGl) and (fTZl) pass into the formulas obtained 
m' . 

Below a calculation is being provided for the case 

7rl = 7r2 = Ir, 7l = 72 = 7- 

Such equality is possible, for instance, if the doublet 
is formed by a magnetopolaron when the cyclotron 
frequency is equal to the longitudinal optical phonon 
frequency'^ . In such limiting case l^i(2) l(22|) equal: 

^01(2) — 2 



Jl+CJ2-«(7+/7r)± - t^2)^ - /^7r 



(32) 

For an homogeneous medium (C = 1) it follows from 
((23l) and l(24|) that f — e and rJoi(2) coincides with 
the analogical formulas from' . Thus, a transition to 
a heterogeneous medium leads to the replacement in 
the resonant denominators in formulas l(26|) - (|29l) the 
function e by the coefficient / which influences now the 
shift /i and the radiative broadening /2 of the doublet 
energy levels. The analogical situation, as it is seen from 
([22l) . takes place and in the general case 7ri ^ 7r2,7r 7^ 

7r- 

For the sake of convenience of numerical calculations, 
let us go to the new variables 



t^2, fim 



no 



(33) 



(with the help of these variables the number of 
the independent parameters in expressions for optical 
characteristics diminishes on one), and to introduce also 
the resonant frequency 



fires = Re Poi — 



1 



-Au; + fi-fr + Re y/Au;^ ~ p-/^ 



(34) 

corresponding to the interband resonant transition with 
the frequency uji, renormaHzed by the radiative shift. 
In this extreme case, the electric fields take the form 

E^ip) = (4Ci?o/i)e-'('^'+"^P'{[l-0(p)]^oi 

+ (^02 + J03 + Jo4)e(p)}, 

AE'is) = (4i?o/£)e-*"^^{[l-e(.s)]ifoi 

+ iKo2+Ko3 + Koi)eis)}, (35) 



•^01(2) = 



exp(±7£p/2) Uo{n±i-/e/2) 
{n - Poi ± *7^/2) [n - P02 ± ili/2) ' 

ijeexp[i{n ~ Poi(^2))p] t/o(f^oi(2)) 



(36) 



(37) 



01(2) 



exp(±7^s/2) VQ{n±i-fi/2) 
{n - (3oi ± i-fi/2) {n ~ (3o2 ± ^7^/2) ' 



(38) 



03(4) 



i7£exp[i(f7-/3oi(2))s] Vb(f^oi(2)) 



_ p^2 [(f^ _ ^^^^^^)2 + (^^/2) 



Instead of (l30l) and (ISTI) the functions 



(39) 



t/o(w) = (w + i7/2)(2cj + Acj + 27) 

- (£"7r/2)(2w + At^ + i7), (40) 

Vb(w) = a(w + 47/2) (w + Aw + 17/2) 

+ (A 7,./2)(2w + Aw + i7), (41) 



appear, where a and A are determined in l(20l) . ([2Tj). 

It is of interest a case when 7^1 = 7r2 = 0,i.e., 
the interaction of the electromagnetic waves with 
the electronic system is absent. It may happen for 
the frequencies faraway from the resonance when the 
absorption is neglected. In such a case it follows from 
(ED - (EH) that 



E'-ip) - iAC/L)Eo{z, t), AE\s) = ia/L)Eo{z, t), 

(42) 

where Eo{z,t) is the scalar amplitude of the field of 
the exciting pulse (U). Thus, for an transparent QW 
the electric fields of transmitted and refiected pulses 
are proportional to the field of the exciting pulse. The 
corresponding coefficients depend on ^ and kd. 



V. REFLECTION, TRANSITION AND 
ABSORPTION OF THE EXCITING PULSE 

The energy fiux S(p), corresponding to the electric 
field of the exciting pulse, is defined as' 

S(p) - (e,/47r)(cj/i)(Eo(z,t))2 = e,So7'(p), (43) 

where Sq = cviEq/{2tt), is the unite vector along the 
axes z. The dimensionless function V{p) determines the 
spatial and time dependencies of the energy fiux of the 
exciting pulse, 

V{p) = ^-^"^^^'^^^^ = e(p)e-^^f + [1 - Q{p)]e-^'P. (44) 

Transmitted (on the right of the QW) and refiected (on 
the left of the QW) fiuxes are determined as 

S'-(z,t) = ^ci.i(E'-(z,t))2 = e,Sor(p), 
47r 

S^(z,t) = -^ci.i(AE^(z,t))2 = -e,So7^(s), (45) 

dimensionless functions T{p) and 7^(s) determine the 
parts of the transmitted and refiected energy of the 
stimulating pulse. The energy part A{t), concentrated 
inside of the QW, is being absorbed or irradiated again. 
It is defined by the obvious expression 



A{p) ^v{p)^ nip) - r{p) 



(46) 
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(since for reflection z < 0, the variable in TZ is s = t — 
\z\vlc). 

In the Hmiting case 7ri — 7r2 — Ir A = 0, T ^ 
|4C/Lp'P(i), 7^ = \a/L\'^V{t), where P{t) corresponds to 
the stimulating pulse. Taking into account i|10p we obtain 



7^(^)- 

Tit) = 



- l)2sin2(fcd) 



4(2 cos2(fcd) + ((2 + 1)2 sin2(fcd) 

4C^ 

4(2 cos2(fcd) + ((2 + 1)2 sin2(A:d) 



V{t).{47) 



Thus, in this limiting case TZ is the reflectance of a 
transparent plate and equals at fed = 0, tt, 27r.... 

For the calculations one has to define the function 
<f>(z), from the definition of e (fT3|l . $(z) was chosen as 

$(z) — {2/d) siniTTTTicz/d) sin^TTniyz/d), <z <d 

and $(z) = in the barriers, what corresponds to the free 
electron-hole pair. In the case of chosen above <i>(z) e' and 
e", according to lfT3|) . are equal 

e' ^ 2B^[l - (-1)™-+™- cos(fcd)]. 



{2 + Srn,+mJ{kd)^ 



87r2 



mcrriy 



(48) 



i3 



An'^mr'mj.kd 



[TT^{mc + m^)^ — (fcd)2] [(A;(i)2 — 7r2 (rric — m„)2 



CALCULATION RESULTS AND 
DISCUSSION 



VI. 



The poles fii and Q2 (|22p determine the resonant 
frequencies Re fli^2 and shift Im fii 2 of the doublet 
levels. In the Hmiting case of a homogeneous medium and 
a narrow QW ili^2 coincide with values {ft — zG/2)i(2) 
obtained in' . The broadenings 7ri of the doublet levels 
enter into electric fields of the pulse as s' jri and s"jri- 
In the cases of the monochromatic and pulse irradiation 
in a homogeneous medium e' jri and e" jri determine 
the broadening and shift of the doublet levels' ' ' . In 
the considered above general case of the pulse irradiation 
and heterogeneous medium, fli and fl2 contain /i7ri and 
/27ri which depend on parameters kd and C. and on e' 7^^ 
and e" jri - Thus, the view of functions /2 and /i infiuence 
the radiative shift and broadening of the energy levels. 

If C = l,kd ^ 0, then /i = e",/2 = e'- In the case 
kd = the level shift is absent, and the broadening is 
determined by values (jri- Since at fed 7^ jri ~ v"^, 



then C7r 



and is some broadening at zero width of 



a QW- . 

In Fig.l /i from (|23l) (which is connected with the 
shift of the doublet energy levels) is represented as a 
function of kd for different values C. It is seen that /i = e" 




Phc. 1: /i as function of kd l|23p l at different values ^ = u/ui. 




Phc. 2: /2 as function of kd l|24p at different values = v/ui. 



in the points kd = 0, tt, 27r..., i.e., the influence of the 
heterogeneous medium on the level shift disappears. /2 
( (|24l) ) as a function of fed is represented in Fig. 2. The 
largest deviation /2 from e' takes place in the points 
kd = 0, TT, 27r.../2, since in these points /2 = C- 

The functions TZ, A and T were calculated for 7^1 = 
7r2 = 7r, 71 = 72 = 7 according to (|35|) . It 
was assumed the direct interband transition with the 
quantum numbers rric = = 1. It is shown in flgures 
changes in time of the optical characteristics of a QW at 
passing of a light pulse for different values of parameters 
kd and C = ^l^i- Since the functions TZ and T are 
the homogeneous functions of the broadenings and of 
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Phc. 3: The reflectance 7?, as a function of time for a narrow 
(in comparison to Atu) stimulating pulse {Auj = 0.0065 eV) 
and small radiative broadening 7^ <g 7,7^. 



Phc. 4: The time dependance of the reflectance TZ for an 
exciting pulse of a middle duration {Alj = 0.0065eV, 7^ = 
0.005eV). The reflection from the QW borders is absent 
{kd = 0). 



frequencies 1^1,102,(^1, then the choice of the measuring 
units is unconditioned. All the values are expressed in eV 
for the sake of certainty. All the curves TZ, T and A are 
obtained for the case fl = fires, where fl and fires are 
determined by the formulas fSS)) , (|34l) . 

The reflectance TZ for an narrow in comparison with 
Auj stimulating pulse and a small radiative broadening 
(7r ^ J:le) is represented in Fig. 3. All the curves 
correspond to the value kd=1.5. In such a case, as it 
follows from Fig. 1,2, the radiative broadening is close 
e'jr and weakly dependant on On the other hand, the 
radiative shift of energy levels /i = e" — (1 — C^)/(l + C^) 
depends substantially on the parameter C. It is seen that 
the reflectance changes radically for an homogeneous 
medium = 1) in comparison with a heterogeneous 
medium {( ^ 1). For instance, at — 1.3 the reflectance 
in maximum increases 25 times in comparison with the 
case of C = 1, at C = 0.7 - 50 times. The sharp increasing 
of 7?. is a manifestation of Hght reflection from the QW 
borders which equals at C = 1- 

An analogical situation is shown in Fig. 4, 5, which 
demonstrate a case of a light pulse of a middle duration 
when 7£ = Au and 7^ <C 7 <C 7£. In Fig. 4 {kd — 0)) a 
reflection from boundaries is absent and a dependence of 
the reflectance on C is determined only by the parameter 
C7r- In Fig. 5 {kd = 1.5), where the reflection from the 
boundaries is essential, there is a sharp increasing of 
reflection in comparison with the case of kd = 0: the 
ratio of ^ 0)/TZ{C = 0) in maximum increases in 200 
times (7 = 1.3) and in 1100 times (C = 0.5) pas. 

Figs. 6, 7, 8 demonstrate an influence of a 
heterogeneous medium on the transmittance T and 
on the energy part accumulated by the QW in the 
resonant transitions A. In Fig. 6 the parameters 7^,7, 
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Phc. 5: The time dependance of the reflectance TZ for an 
exciting pulse of a middle duration {Auj = 0.0065el/, je = 
0.005el/). The reflection from the QW borders is maximal 
{kd = 1.5). 



7r are the same as in Fig. 3, and in Fig. 7, 8 they are 
the same as in Fig. 4, 5. In Fig. 6 the curves T{p) are 
represented for kd = 1.5, when a boundary reflection 
is largest one. At kd = and kd = tt that reflection 
disappears and an influence of ^ influences weakly on 
T{p). In Fig. 7, 8 the curves T and A are calculated for 
kd = 0. In such a case, the dependencies T{p) and ^ on C 
are stipulated only by the parameter (jr- There appears 
a generation (a negative absorption) after pulse passing 
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Phc. 6: The transmittance T in the case of maximal reflection 
from the QW borders (kd = 1.5). The parameters are the 
same as in Fig. 4, 5. 



Phc. 8: The time dependance of the absorbance A in the case 
of narrow quantum wells (kd = 0) , when the reflection from 
the QW borders is absent. Ac; = O.OOeSeV. 




and disappears at kd = p-K, where p is an integer. In these 
points the system QW - barriers looks hke a homogeneous 
medium. A distinction from a homogeneous medium is 
only in a substitution of the radiative broadening e'^r by 

The QW optical properties are Hke the optical 
properties of a plate with the parallel borders inserted 
into a medium with different refraction index. Indeed, 
if an absorption is small (for instance, if a carrying 
frequency is far away from the resonant frequencies of 
absorption ) , then TZ and T are described by (|47|) , which 
is just fair for such a plate under a pulse irradiation . A 
sharp decrease of reflection in the points kd = pn takes 
place also nearby the resonant absorption frequencies. 



Phc. 7: The time dependance of the transmittance T in the 
case of narrow quantum wells {kd = 0), when the reflection 
from the QW borders is absent. Alo — 0.0065ey. 



(Fig. 8). The generation is stipulated by that that the 
electronic system does not absorb or radiate completely 
the energy, accumulated in resonant transitions during 
the time the pulse passes through the QW. 

It is follows from the results represented above that 
taking into account the differences of the refraction 
indexes of the QW and barriers influences noticeably the 
reflectance. It is most strong when a reflection, stipulated 
by the resonant transitions in the QW, is a small value. 
The reflection from the QW boundaries depends on kd 
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